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Cultivation of human influenza viruses in the allantoic cavity of embryonated chicken eggs leads to a selection of
receptor-binding variants with amino acid substitutions on the globular head of the hemagglutinin (HA) molecule. Such
selection can be avoided by growing the human viruses in Madin Darby canine kidney (MDCK) cells. In the present study, we
tested whether baby hamster kidney (BHK) cells select receptor-binding mutants of human influenza viruses. After isolating
H1N1, H3N2, and type B influenza viruses from clinical samples in MDCK cells, we passaged them in either BHK cells or
chicken eggs. The BHK-grown viruses differed from their MDCK-grown counterparts by virtue of mutations in the HA: 225D3
G (H1N1 virus), 128T3 A and 226I3 V (H3N2), and 187N3 D (type B) (H3 numbering). Variants with different substitutions
were selected by passaging of the same MDCK-grown parents in eggs: 141L 3 H, 208R 3 H, and 225D 3 G (H1N1),
194L 3 I (H3N2), and 137G 3 R (B). Compared with their MDCK-grown counterparts, both BHK- and egg-grown viruses
possessed a higher affinity for the cellular membranes of BHK cells and of the chorioallantoic cells of chicken embryos and
for a 39-sialylgalactose-containing synthetic sialylglycopolymer. By contrast, changes in the affinity of mutants for a
69-sialyl-(N-acetyllactosamine)-containing sialylglycopolymer varied from negative to positive. Fluorescence-activated cell-
sorting analysis with linkage-specific lectins showed that the density of the 69-sialyl-(N-acetyllactosamine)-containing
receptors is substantially lower on the surface of BHK cells than on MDCK cells, providing an explanation for the growth
restriction of human viruses in the former cells. Our data demonstrate that cultures of BHK cells, like eggs, can select
receptor-binding variants of human influenza viruses. © 1999 Academic Press
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Propagation of human influenza A and B viruses in
mbryonated chicken eggs always results in a selection
f variants that carry amino acid substitutions in the
icinity of the receptor-binding site of the hemagglutinin
HA) molecule. Typically, several distinct egg-grown HA
utants can be selected by passaging a virus isolate
rom a single infected individual in chicken eggs. By
ontrast, human viruses isolated and propagated solely
n MDCK cells are usually homogeneous and possess a
A molecule identical in amino acid sequence to that of
he virus in the original clinical sample (reviewed by
obertson, 1993).
The molecular basis for the selection of variants in
hicken eggs and for the lack of such selection in MDCK
ells was unknown until recently. In studies by Gam-
aryan et al. (1997, 1999), all human influenza A and B
1 To whom reprint requests should be addressed at Department of
irology and Molecular Biology, St. Jude Children’s Research Hospital,
32 North Lauderdale, Memphis, TN 38105. E-mail: Robert.Webster@itjude.org.
31iruses that were isolated and propagated solely in
DCK cells were found to display the same strict recep-
or binding specificity. That is, they bound to 69-sialyl-(N-
cetyllactosamine)-containing receptors (Sia2–6Gal)
ith high affinity and bound weakly (if at all) to 39-
ialylgalactose-containing receptors (Sia2–3Gal). A com-
on feature of all egg-adapted human influenza viruses
ompared with MDCK-grown viruses was the increased
ffinity of egg-adapted viruses for Sia2–3Gal-containing
eceptors and for cells of chicken embryo chorioallantoic
embrane (CAM). Using specific lectins, Ito et al. (1997)
etected only Sia2–3Gal determinants on the surface of
AM, whereas MDCK cells expressed both Sia2–6Gal
nd Sia2–3Gal determinants. Taken together, the above
indings suggest that eggs select receptor-binding vari-
nts of human influenza viruses with increased affinity
or the Sia2–3Gal-containing receptors on CAM cells
ecause the affinity of non-egg-adapted human viruses
or these receptors is too low. Conversely, the abun-
ance of Sia2–6Gal-containing receptors on MDCK cells
ermits relatively unrestricted growth of human virusesn these cells.
0042-6822/99 $30.00
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32 GOVORKOVA ET AL.Because the egg-adapted variants harbor mutations at
he distal portion of the HA globular head, in the exposed
nd functionally important regions of the molecule, they
an differ from the original human viruses in their anti-
enic and immunogenic activities, as well as their viru-
ence (Robertson et al., 1985; Katz and Webster, 1988,
989; Wood et al., 1989; Oxford et al., 1990; Newman et
l., 1993). Thus cell-culture systems that do not select
eceptor-binding variants of human influenza viruses
ould be advantageous in both vaccine production and
he diagnosis of influenza disease.
Different cell lines are used for primary isolation and
ultivation of influenza viruses worldwide. It has been
eported that passaging in continuous mammalian cell
ines (LLC-MK2, MRC-5, and Vero) and in primary chick
idney cells produces viruses that are antigenically and
tructurally identical to MDCK cell-grown virus isolated
rom the same patient (Katz and Webster, 1992; Go-
orkova et al., 1996). Information on the selective pres-
ures exerted in other cell types is still lacking.
The baby hamster kidney cell line BHK-21 is known to
e permissive to influenza viruses and appears to offer
n attractive cell substrate for the development of influ-
nza vaccines (Merten et al., 1996). In the present study,
e addressed the question of whether or not these cells
an support unrestricted growth of human influenza vi-
uses.
RESULTS AND DISCUSSION
mino acid substitutions in HA
In this study, three influenza virus strains representing
ypes and subtypes currently circulating among humans
ere isolated from clinical samples in MDCK cells. The
iruses then were passaged three to five times in both
T
Amino Acid Substitutions in the HA1 Portion of the HA of Human In
Virus Passage historya
A/Lyon/3043/96 (H1N1) M7
M7B3
M7E3
A/Lyon/1781/96 (H3N2) M6
M6B5
M6E3
B/Lyon/1271/96 M5
M5B5
M5E3
a Numbers of passages in MDCK cells (M), BHK cells (B), and eggs
b H3 numbering system is used in accord with the alignment of Ma
c Substitution results in loss of a glycosylation site at position 126 o
d In BHK-adapted H3 virus, virtually equivalent signals were observe
e Substitution results in loss of a glycosylation site at position 187 oHK cells and in eggs, and the amino acid sequences of rhe HA1 subunits were compared with those of original
DCK-grown isolates (Table 1, Fig. 1).
The three human viruses that were passaged in BHK
ells differed from their MDCK-grown counterparts by
mino acid substitutions in the HA globular head. Single
ubstitutions were found in the HA1s of H1 and type B
iruses (225D3 G and 187N3 D, respectively), and two
ubstitutions were detected in the HA of H3 virus. There
as heterogeneity at HA position 226 with approximately
qual mixture of HA variants with isoleucine and valine.
ither of two amino acids can be encountered at this
osition among H3N2 human viruses isolated after 1994
Fitch et al., 1997). Because neither MDCK- nor egg-
rown counterparts of the BHK-grown H3 virus contained
etectable amounts of the variant with 226V, this variant
ust have been selected during propagation of the virus
n BHK cells. Another mutation that was present in the
A of BHK-grown H3 virus (128T3 A) destroys a glyco-
ylation site at positions 126–128. All alterations in the
A of BHK-grown H1, H3, and type B virus strains iden-
ified in this study were typically detected in previous
tudies during the egg adaptation of human viruses
Wang et al., 1989; Robertson, 1993). In particular, sub-
titutions in BHK-adapted type B virus and H1 subtype
irus were identical to those described before, whereas
utations in the H3 variant were at the same positions (a
ubstitution in position 226 and a loss of carbohydrate at
osition 126).
Interestingly, the amino acid sequences of the egg-
rown variants differed from both their BHK- and MDCK-
rown counterparts. The egg-grown H1 variant shared
he 225D3 G mutation with the BHK-grown H1 virus and
ontained two additional mutations at positions 141 and
08. Substitution 141L3 H increases the positive charge
f the HA head. Charged substitutions of that type are
Viruses Propagated in BHK Cells and Embryonated Chicken Eggs
reviation
e Fig. 2)
Substitutions in the HA1 with respect to
MDCK-grown virusb
H1M
H1B 225D 3 G
H1E 225D 3 G, 141L 3 H, 208R 3 H
H3M
H3B 128T 3 Ac, 226I 3 I/Vd
H3E 194L 3 I
BM
BB 187N 3 De
BE 137G 3 R
indicated by subscripts.
h et al. (1993).
A.
e first nucleotide coding for the amino acid in position 226 (ATC/GTC)
A.ABLE 1
fluenza
Abb
(se
(E) are
trosovic
f the H
d for thather typical for the egg adaptation of human viruses
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33BHK CELLS AND HUMAN INFLUENZA VIRUS VARIANTSRobertson et al., 1987; Robertson, 1993); they appear to
nhance the electrostatic interactions of the virus with
he negatively charged cells (Gambaryan et al., 1999).
utation 208R 3 H was positioned $10 Å below the
eceptor binding site in the interface between the HA1
nd HA2 subunits (Fig. 1), and it is difficult to predict
hether it could have any effect on the receptor-binding
ctivity of the virus. The egg-adapted H3 variant har-
oured a substitution inside the receptor-binding pocket
94L 3 I. Although the association of mutations in this
A position with egg adaptation was not observed in
revious studies, the amino acid is located within the
eceptor-binding site and directly interacts with the sialic
cid moiety (Weis et al., 1988), strongly suggesting that
he mutation could affect the receptor-binding character-
stics of the HA. Substitution 137G3 R in the egg-grown
variant has been described as an egg-adaptation mu-
ation in type B viruses, although it is much less typical
han the loss of a carbohydrate at position 187 (Robert-
FIG. 1. Positions of amino acid substitutions in the HA of BHK- and eg
ith 39sialyllactose (1HGG structure, Brookhaven Protein Databank). Ind
nd light green. Substitutions in the H1, H3, and type B virus variants
enultimate lactose part (yellow) of the sialyllactose are shown as stick
imulations, Inc, San Diego, CA).on et al., 1993). linding of the variants to receptors of BHK
nd CAM cells
To learn whether the selection of variants in BHK cells
nvolves better attachment of the variants to these cells,
e compared the viruses’ binding to plasma membranes
f BHK cells and CAM cells. Compared with MDCK-
rown viruses, all egg- and BHK-adapted variants
howed higher affinities for receptors and either the
ame or higher number of binding sites on both BHK and
AM cells (Fig. 2). These findings agree with the notion
hat propagation of human influenza viruses in eggs
eads to the selection of variants capable of more effi-
ient attachment to CAM cells (Ito et al., 1997, Gam-
aryan et al., 1997, 1999). They also indicate that the
ame mechanism likely operates during the adaptation
f viruses to growth in BHK cells. Hence, we infer that
AM and BHK cells express predominantly Sia2–3Gal
eterminants and could lack Sia2–6Gal-terminated sia-
n human influenza viruses shown on the model of the X31 HA complex
l HA monomers (solvent accessible molecular surface) are white, pink,
, green, and blue, respectively. Sialic acid residue (magenta) and the
The figure was generated with the WebLab ViewerPro 3.10 (Molecularg-grow
ividua
are red
bonds.ylglycoconjugates.
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34 GOVORKOVA ET AL.To test this hypothesis, we evaluated the expression of
ia2–3Gal and Sia2–6Gal moieties on the surface of BHK
ells by FACS analysis. The data show that the level of
taining of BHK cells with Sia2–6Gal-specific lectin
arely differed from the negative control, whereas that
ith Sia2–3Gal-specific lectin was significantly greater
Fig. 3). In the same experiment, MDCK cells were clearly
tained by both lectins consistent with previous reports
Govorkova et al., 1996, Ito et al., 1997). Thus in contrast
o MDCK cells, which express both types of Sia-Gal
eterminants, only Sia2–3Gal moieties are present on
he surface of BHK cells in comparable concentration.
his result could well explain why human viruses show
estricted growth in such cells.
elation of HA mutations to recognition of Sia-Gal
inkages
Do mutations in the HAs of BHK- and egg-selected
ariants affect the ability of the viruses to recognize
articular types of Sia-Gal linkage? We addressed this
ssue by evaluating the virus binding to sialylglycopoly-
ers 39SL-PAA and 69SLN-PAA, which bore Neu5Ac2–
Gal and Neu5Ac2–6Gal moieties, respectively (Table 2).
ll four H1 and type B variants adapted to growth in BHK
ells and eggs showed a higher affinity for Neu5Ac2–
Gal-containing polymer than did parental MDCK-grown
iruses. These changes were accompanied by an alter-
tion of the affinity for 69SLN-PAA, which produced dif-
erent effects depending on the type of mutation. For
xample, substitution 225D 3 G in the H1 BHK- and
gg-grown variants and 137G 3 R in the egg-grown
ariant of type B virus markedly decreased the binding to
FIG. 2. Binding of MDCK (M)-, BHK (B)-, and egg (E)-grown influenza
iruses to the plasma membranes of BHK cells (open bars) and CAM
ells (shaded bars). The binding assay is described under Materials
nd Methods; values are reported as the relative binding affinity and
he relative number of binding sites as compared with the positive
ontrol (nonspecific adsorption of viruses to the plastic).9SLN-PAA, whereas a loss of carbohydrate at position h87 of BHK-grown B variant increased binding to this
olymer. In the case of H3 subtype viruses, the affinity for
9SL-PAA was below the detection limits of the assay,
recluding detection of possible changes in binding.
owever, because BHK- and egg-grown H3 variants
ound more readily than did their MDCK-grown counter-
art to CAM cell membranes (see Fig. 2), which carry
ia2–3Gal exclusively (Ito et al., 1997), one can conclude
hat the affinity of these variants for Sia2–3Gal-termi-
ated receptors increased over that of MDCK-grown vi-
us. Thus a common feature of all receptor-binding vari-
nts, irrespective of whether they were selected in BHK
ells or eggs, was their increased affinity for Sia2–3Gal-
ontaining molecules, whereas changes in affinity for
ia2–6Gal-containing receptors varied from negative to
lightly positive. This pattern of binding activity confirms
hat BHK cells, much in the manner of eggs, favor growth
f viruses with increased recognition of Sia2–3Gal moi-
ty. It also suggests that changes of affinity for Sia2–
Gal-containing receptors merely accompany HA substi-
utions required for enhanced binding to Sia2–3Gal.
ifferences in selective pressures exerted by BHK
ells and eggs
Although the selective pressures responsible for
hanges in human virus HAs during their adaptation to
rowth in BHK cells and in eggs appear to be similar,
ariants selected from the same parental viruses in BHK
ell culture and eggs differed by amino acid substitutions
n their HAs. This phenomenon could be explained, in
rinciple, by an occasional selection of variants from the
eterogeneous pool of MDCK-grown virus, as was de-
cribed for the selection of different variants in eggs
Katz and Webster, 1988; Robertson et al., 1987). Alterna-
ively, the differences in substitutions between BHK- and
gg-adapted variants could result from differences in the
elective pressures on human viruses in BHK cells and
ggs. For example, the destruction of glycosylation sites
as detected in two of the three BHK-adapted viruses
ut in none of the egg-adapted variants. This discrep-
ncy could indicate that glycans attached to the HAs of
uman viruses in BHK cells are more disadvantageous
or growth in these cells than are glycans attached in
ggs for the virus replication in that host system. In
upport of this possibility, we cite a previous study show-
ng that the H1N1 human virus grown in MDCK cells
isplayed weaker binding to Sia2–3Gal-containing re-
eptors than did the same virus grown in eggs, owing the
arger size of carbohydrates exposed on the HA of the
DCK-grown virus preparation (Gambaryan et al., 1998).
Mainly on the basis of the experience with human
nfluenza viruses grown in MDCK cells, it was suggested
hat mammalian cells in tissue culture do not readily
elect receptor-binding variants. However, as reported
ere, at least some mammalian cells can exert signifi-
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35BHK CELLS AND HUMAN INFLUENZA VIRUS VARIANTSant selective pressures on the receptor-binding proper-
ies of human influenza virus and, similar to observations
ith eggs, can select variants with amino acid substitu-
ions in the HA. This finding warrants caution in the use
f new cell lines for isolation and growth of influenza
iruses, without prior testing for the selection of variants.
urthermore even receptors on MDCK cells, which ap-
ear to impose fewest growth restrictions of currently
vailable systems, are not ideally fit to natural human
iruses, providing an opportunity for the emergence of
eceptor-adapted variants (Robertson, 1993; Robertson
t al., 1995).
MATERIALS AND METHODS
ells
Baby hamster kidney (BHK-21) cells were kindly
rovided by Dr. Yves Moreau, (Meriel Laboratories,
yon, France). Madin Darby canine kidney (MDCK)
ells were received from the National Institute of Med-
cal Research (Mill Hill, UK). The cells were cultivated
FIG. 3. Comparison of the density of Sia2–3Gal and Sia2–6Gal resid
IG-labeled Sambucus nigra agglutinin (binds to Sia2–6Gal residues),
ithout lectins (negative control). Lectins attached to the cells were de
ell number counts are plotted against the fluorescence intensity of len Eagle’s minimal essential medium containing 5% (eat-inactivated fetal calf serum (MEM-FCS) at 37°C
n 5% CO2 atmosphere. Viruses were propagated in
EM containing 0.3% bovine serum albumin (BSA) and
PCK-treated trypsin (1 mg/ml, Worthington Diagnos-
ics, Freehold, NJ).
iruses
The A/Lyon/3043/96 (H1N1), A/Lyon/1781/96 (H3N2),
nd B/Lyon/1271/96 influenza virus strains, which were
solated directly from clinical specimens and passaged
olely in MDCK cells, were kindly provided by Dr. M.
ymard (WHO Reference Laboratory, Lyon, France). The
iruses were further passaged three to five times in
ither BHK cells or eggs (Table 1). For the valid compar-
son of receptor-binding properties, all viruses were
rown at low dilution in MDCK cells so they would be
lycosylated in the same cell system. After the virus-
ontaining culture fluids were clarified by differential
entrifugation, the viruses were pelleted by high-speed
entrifugation, purified by centrifugation through 30% su-
rose, resuspended in 60% glycerol-0.1 M Tris solution
the surface of BHK and MDCK cells. The cells were incubated with
beled Maackia amurensis agglutinin (binds to Sia2–3Gal residues), or
with FITC-labeled anti-DIG antibody and analyzed by FACS cytometry.
ained cells (black) as compared with negative controls (open).ues on
DIG-la
tected
ctin-stpH 7.3), and stored at 220°C.
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36 GOVORKOVA ET AL.NA extraction, PCR, and nucleotide sequencing
Only the HA1 subunits of HA genes were sequenced.
iral RNA was extracted from cultural or allantoic fluids
ith the Rneasy Mini Kit (Qiagen, Santa Clarita, CA) and
mplified by reverse transcription PCR (RT–PCR) as de-
cribed before (Shu et al., 1993). After being purified with
he Quiquick PCR Purification Kit (Qiagen, Santa Clarita,
A), the PCR products were sequenced in the Center for
iotechnology at St. Jude Children’s Research Hospital
n template DNA using Prism BigDye terminator cycle
equencing ready reaction kits with AmpliTaq DNA poly-
erase FS [Perkin–Elmer, Applied Biosystems, Inc. (PE/
BI), Foster City, CA], and synthetic oligonucleotides.
amples were electrophoresed, detected, and analyzed
n PE/ABI model 373 and 377 DNA sequencers. The
isconsin Sequence Analysis Package, Version 9.0 (Ge-
etic Computer Group, Inc., Madison, WI) was used for
nalysis and translation of nucleotide sequence data.
he HA1 sequences of the viruses are available under
enBank Accession Numbers AF131990–AF131998.
irus binding of sialylglycopolymers
Sialylglycopolymers 39SL-PAA and 69SLN-PAA, con-
aining 20 mol percent of 39sialylactose and 69-sialyl-(N-
cetyllactosamine), respectively, and 5 mol percent of
iotin attached to a soluble polyacrylamide carrier, were
ynthesized as described previously (Bovin et al., 1993).
he sialidase inhibitor zanamivir (2,3-didehydro-2,4-
ideoxy-4-guanidino-N-acetyl-D-neuraminic acid; GG167)
as kindly provided by Dr. R. Bethell, Glaxo Wellcome
&D. The general protocol for the solid-phase receptor-
inding assay was described previously (Gambaryan
nd Matrosovich, 1992). Modifications of the assay for
T
Binding of Sialylglycop
Virus Amino acid substitut
A/Lyon/3043/96 (H1N1)
H1-MDCK
H1-BHK 225D 3 G
H1-egg 225D 3 G, 141L 3
A/Lyon/1781/96 (H3N2)
H3-MDCK
H3-BHK 128T 3 A, 226I 3 I
H3-egg 194L 3 I
B/Lyon/1271/96
B-MDCK
B-BHK 187N 3 D
B-egg 137G 3 R
Note. The assay was performed, and the association constants of the
aterials and Methods. The higher the K ass the stronger the binding.he present study were limited to the use of synthetic 1ialylglycopolymers and of biotin-streptavidin detection
ystem. In brief, 50-ml aliquots of bovine fetuin solution in
BS (5 mg/ml) were incubated in the wells of 96-well
olyvinyl chloride microplates (Costar) at 4°C overnight.
he plates were washed with water and air-dried. Con-
entrated virus stocks were diluted with PBS to a hem-
gglutination titer of 20–100 per sample. Forty microliters
f virus solution was added to each well of the fetuin-
oated microplates. After incubation at 4°C overnight,
he plates were washed with ice-cold washing buffer
WB, 0.01% Tween-80 in 0.2 3 PBS). Serial twofold dilu-
ions of sialylglycopolymers in the reaction buffer (RB,
.02% Tween-80, 0.02% BSA, 1 mM of sialidase inhibitor
anamivir in PBS) were added into the wells (20 ml/well),
nd plates were incubated at 4°C for 2 h. After washing,
treptavidin-peroxidase solution in RB (1/2000) was
dded at 25 ml/well and the plates were incubated at 4°C
or 1 h. After washing, the peroxidase activity in the wells
as assayed with o-phenylenediamine substrate solu-
ion. The binding data were converted to the Scatchard
lots (A490/C vs A490, where C is the concentration of the
ialylglycopolymer, A490 is mean absorbency of the col-
red product of peroxidase reaction in the corresponding
icroplate wells). The association constants of virus
omplexes with sialylglycopolymers (Kass) were deter-
ined from the slopes of these plots and expressed in
M21 Neu5Ac (with respect to concentration of sialic
cid residues present in the solution).
irus binding to preparations of cellular membranes
Binding of the viruses to the plasma membranes of
HK and MDCK cells was assayed by the microplate
bsorption method described earlier (Gambaryan et al.,
s to Influenza Viruses
the HA1
Association constant (mM21 Neu5Ac)
39SL-PAA 69SLN-PAA
0.6 10
1 1
R 3 H 1.8 3.5
,0.1 5
,0.1 10
,0.1 10
0.9 16
7 25
2.5 5
complexes with sialylglylcopolymers were determined as described inABLE 2
olymer
ions in
H, 208
/V
virus998). In brief, wells of 96-well polyvinyl chloride micro-
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37BHK CELLS AND HUMAN INFLUENZA VIRUS VARIANTSlates (Costar, Cambridge, MA) were coated with prep-
rations of plasma membranes from BHK and MDCK
ells. To prevent nonspecific binding of the viruses to
lastic, we incubated the wells with a 0.02% solution of
SA in PBS for 2 h at 4°C. After blocking, serial twofold
ilutions of viruses in 0.1% BSA–PBS solution were incu-
ated in the wells for 4 h at 4°C. The viruses bound in the
ells were detected with use of peroxidase-labeled fe-
uin. The amount of bound conjugate, reflecting the
mount of virus present in the wells, was quantified with
-phenylenediamine as a substrate. The absorbency at
90 nm was measured, and the data were converted to
catchard plots (A490 vs A490/C), where the concentration
f the viruses was expressed in hemagglutination units.
he nonspecific physical absorption of virus to the plas-
ic also was assayed as a positive control for maximal
irus binding, In this procedure, the wells were not
oated, the blocking step was omitted, and BSA was not
dded to the incubation mixture. All other conditions
ere the same as described above. The association
onstants and number of binding sites were determined
s tangents of the slopes of the plots and as intercepts
f the plots with the x axes, respectively. The association
onstant and number of binding sites of the positive
ontrol were both taken as unity; and the relative affinity
nd relative number of binding sites for binding to
lasma membranes were calculated relative to the con-
rol value. Two replicate experiments were performed on
ifferent days, and the results were averaged. The stan-
ard deviations of the mean values were in the range of
–30%.
ACS analysis of the expression of Sia2–3Gal and
ia2–6Gal moieties on the surface of MDCK
nd BHK cells
The analysis was performed with the digoxigenin
DIG) glycan differentiation kit (Boehringer Mannheim
iochemicals, Mannheim, Germany), as described pre-
iously (Govorkova et al., 1996). In brief, BHK or MDCK
ells were released from the solid support using trypsin–
ersene mixture, and the cells were washed once with
EM-5% FCS and incubated in this medium for 1 h at
7°C to restore of trypsin-digested receptors. After
ashing with PBS, the cells were resuspended to ;106
ells/ml in the binding medium (Tris-buffered saline, pH
.6, 0.5% BSA, and 1mM each of Ca21, Mg21, and Mn21).
liquots of the cells were incubated for 1 h at room
emperature with DIG-labeled lectins, Sambucus nigra
gglutinin (SNA), which specifically binds to Sia2–6Gal
esidues, or Maackia amurensis agglutinin (MAA), which
s specific for Sia2–3Gal. Control cells were incubated
ithout lectins. Subsequently, both lectin-treated and
ontrol cells were incubated for 1 h at room temperature
ith FITC-labeled anti-DIG antibody, washed with PBS,nd analyzed for fluorescence intensity on a FACSCali-
ur fluorospectrometer (Beston Dickinson).
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